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Drone remote sensing

- It was first utilized in military context and has been given
great attention in civil use in recent years.

- Three Unmanned Aerial Systems (UAS) components:

Source: Colomina et al. (2014)
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- UAS classification

- aerial platform (size and weight, endurance,
aerodynamics, etc.);

- the system operation (mission range or flying altitude,
nature of its application, etc.)

- Cameras

- RGB; multi-spectral; hyperspectral and thermal-imaging
camera

Common and/or representative multispectral cameras for UAS.

Manufacturer and model Resolution (Mpx) Size (mm?) Pixel size (m) Weight (kg) Spectral range (nmj)
Tertracam CMOS 6.66 52 0.7 450-1050
MiniMCA-6 1.3 x5.32 x5.2

Quest Innovations CCD 10.2 7h 0.8 400-1000
Condor-5 UAV-285 1.4 %8.3 %8.1

Source: Colomina et al. (2014)
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Pros and cons of UAV

- Pros:

- High spatial and temporal resolution
- Manually controlled (altitude, route...) not labor-intensive
- Rarely affected by cloud cover
- Cost-effective

- Flexibility

- Cons: 2 :
. Sensitive to wind " Source: Lian etal. (2012
- Poor geometric and radiometric performance

- Short flight endurance

Source: Colomina et al. (2014)
Jaime et al. (2014)



Application of UAVs

- High resolution of digital elevation model
- Precision agriculture

- Water plant monitoring

- Forest inventory (gap vs biodiversity)

- Atmospheric science (aerosol)

.Sg‘ource: Flz;nn etal (20 14) Source: Lian et al. (2012) Source: Getzin et al. (2012)
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Obijectives

- Exploring the image processing and analyzing techniques
based on the data we have.

- Finding new points.
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Data introduction

IIE_ Point Cloud

Goshen CT, US Mar, 2014 R, G, B
Goshen_Nov_ CT, US Nov,2014 R, G,B Yes
RGB

Goshen Nov_ CT, US Nov, 2014 G,R, NIR Yes
NIR

Cheshire CT, US Apr, 2015 G, R, Red No

edge, NIR

Maryland MD, US Mar, 2015 No Yes

State Park
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Goshen

Figure 1 | Goshen image



3D map in ENVI




28 August 2015 10

3D map in ArcGis

The boundaries of road
and trees are not clear.
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Point Cloud Visualization in ArcGIS
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X-Z Plane

X-Y Plane X-Z Plane
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Goshen November

Figure 2 | Goshen images taken in Nov, 2014

13
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3D view of Goshen images in e EE "
CloudCompare
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3D view of Goshen images (NIR




Point cloud — remove things

Translated image

Original image
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NDVI Goshen November

NDVI range:
-0.2269

Linear 5%
0.3561
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Feature extraction module in ENVI

@ RED (0.6600)
@ GREEN {0.5600)
.. @ BLUE (D.4850)

Example-based Classification

0 Unclassified
1: Rooftop

2. Grass

3 Asphalt

4 Concrete

5 Trees
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@ Band 3(0.6725) m [ Unclassified
- Band 2 (0.5450) m 1: Asphalt
- Band 1({0.4300) m 2 Masked

Rule-based Classification
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Goshen- Extract roof (red)

20
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Feature extraction on Goshen NIR image

0 Unclassified
1: roaf

2:road

3 grass

4: Masked

Figure 3 | Example-based classification of roof
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Rule-based feature extraction

m| (: Unclassified
| 1: Vegetation

Rule:
spectral mean of band 1(red): 57 to 160
spectral mean of band 2 (green): 57 to 149
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Extract shadow

Exiracted Shadow using Rule - Based Approach
N
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Source: Raju et al, (2014) Figure 4 | Rule-based classification of shadow for Goshen data
(yellow represents shadow)
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Suppose building 1's height is
unknown and that of building 2 is
known (suppose it is 10m).

Using measuring tool in ENVI:
Sl,;= 20.56m, sl= 14.04m
H,,=(20.5648*10)/14.0357=14.65m
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Cheshire image processing in Pix4D

- Camera: multiSPEC4C_ 3.6 1280960

]
- (Exiftool) p IX4D
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- Green, Red, Red Edge, NIR (4 bands)
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Flight path (Pix4D)

Figure 5 | Flight path of Cheshire in Google map
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Cheshire

Image bands separation (gdal_translate)

Figure 6 | Merged image of Cheshire red band

27
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OpenDroneMap

Install virtual machine (GitHub) and enter Linux command

- Input: UAV raw images (with geographic information)
- Qutput: point cloud; meshing data

Example: Goshen November RGB Images (6 images)

0 0 0 0 @ using IMG_46863. jpg dimensions: H4272x2848
Expanding patches. ..
—-—- EXPANSION: 1 secs —-—- using IMG_H4689. jpg dimensions: 42722848
Total pass fail® faill refinepatch: 1578 801 375 402 1203 . ; ; )
Total pass fail® faill refinepatch: 100 50.7605 23.7643 25.4753 76.2357 using IMG_4672. jpg dimensions: H4272x28438
FilterOutside
mainbody:
Gain (ave/juar): 1.36946 0.239593
29820 -> 29820 (100%) Q0 secs
Filter: Exack; oo N using IMG_H4684.jpg dimensions: 4272x2848
29820 -> 29773 (99.8424%) 0 secs
FilterNeighbor: 29773 -> 29655 (99.6037%) using IMG_H#4696. jpg dimensions: 4272x2848
FilterGroups: 20
-> 29609 (99.8449%) 0 secs using IMG_4782. jpg dimensions: H4272Zx2848
314 0 38953 0 0 0 @ @ 0O O
9 0 0 0 using IMG_4708. jpg dimensions: 42722848
0 0 00

using IMG_4675. jpg dimensions: 4272x2848

using IMG_4678. jpg dimensions: 4272x2848

using IMG_u4711. jpg dimensions: 4272x2348

90 secs ---- . < - <
using IMG_4714. jpg dimensions: 4272xX2848

running meshing - Thu Aug 6 22:15:43 UTC 2015 found 11 usable images

using max image size of 2400 x 2400

- preparing images - Thu Aug & 22:01:44 UTC 2015

- runhing texturing - Thu Aug 6 22:16:16 UTC 20815

resizing IMG_4663. jpg to svagrant_data/odm_dataspacificasreconstructio
“Wwith-image-size-2400/IMG_XGE63. jpg (2400 x 1600)
resizing IMG_4669. jpg to suagrant_datasodm_dataspacificasreconstructio
-With-image-size-2400/IMG_4669. jpg (2400 x 1500)
resizing IMG_46T2. jpg to suagrant_datasodm_dataspacificasreconstructio
-Wwith-image-size-2400/IMG_4672. jpg (2400 x 1600)
No GCP Fi}e. Consider rerunn%ng u%th_argument --—odm_georeferencing-useg| _ui:ﬁf;i;;g-;?g;?g:gé}?as qs?s-;:g/uagra?gﬁggt:/$236?ata/pac1f1ca/reconstruct1-
 ~~start-with odm_georeferencingSkipping orthophoto resizing IMG_46T7S.jpg to suagrant_data/sodm_data/spacifica/reconstructio
Compressing results - Thu Aug 6 22:26:48 UTC 2015 ~with-image-size-2400/IHMG_4678. jpg (2400 x 1600)
resizing IMG_4684. jpg to svagrant_datasodm_data/spacificasreconstructio
“with-image-size-2400/IMG_H4684. jpg (24080 x 1600)
resizing IMG_4696. jpg to /vagrant_datasodm_data/spacificasreconstructio
“with-image-size-2400/IMG_X4696. jpg (2400 x 1800)
- done - Thu Aug B 22:26:51 UTC 20815 resizing IMG_4T02. jpg to suvagrant_data/odm_dataspacificasreconstructio
~Wwith-image-size-2400,/IMG_4TO2. jpg (2400 x 1600)

runhing georeferencing - Thu Aug & 22:26:48 UTC
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A Qe 022 MDY G

IMG_1147 IMG_1148 IMG_1149 IMG_1150 IMG_1151 IMG_1152

Figure 7 | Cloud point data generated from OpenDroneMap
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Next work

- New Iindex

- Image interpretation combined with field measurement

- New function exploration of UAV softwares

Tahle 1 Spectral indices vasl 1o Uk praseil siedy caleolaned osing BICA sonsor @l of haids

ke

Eaqaesinii

Rty

[ karcnill posarpices rerin
Chlaromhvll shsurplive raiu

Cireenncs indss

Cireen aarmaliaed diffaence
vegelalion axkes

Mudsfied chlomophal
abeorpidun dn ey langa:

Mudified chlooephal
al=aveinn in refiectnnee

Bedudifind -.'Id.v?cugl-:yll
absceTeinn in reflactonce

Imnproval A1
{moil-zdjusted W11
wille sell=adjuzimen Gaeleg L

Bedudilivsd iyl ratio

Mndrfied rrangalar w1
Marmnlize? diffanens
vesgelalzon xdes
Laptimnized £ lanzasted
v lalion drkes
Simple ralio indsx

Pl relladanc: mbkas

Rencimalizal diffecies: ¥

Translvomed chlorosiiyll
abeawdinn fit rereciansg

TOARINEAN]

LA — T AN | AT KD (RS PN e VA
[T T T T T

T ]
{ AR CART

PR

Gl — B

WACART — [(BT00 — RET0) — 0.2 o (RO — RSSN] o (FI00, BET
MICARIL — L2~ [2.5 - [RE0D — RST00 — 1.3 + |REDD — RSS0)]

FACART) — LR a2
3 B T T T T T

WAL L a ETT R IFRY VA R FETE m-.-r::\|
. )

(RS BT -1

MER — e
AR AL

MIWEY 2 12w [REK WSS0) Lo (MDD #030)
APLI-

KLV _.Tt.a'lﬂ::’:l.l

DEAYT = 010 LI o RS REO SN0 RO T8

M‘n’—%ﬁ

_ PTE AW
Rl = e ram

: M- PR
BT 2 IR

TCARL = 3 « [(RT0F — RETG] — 0T = (RTO0 — B350 « [RI0RGT)|

LR R R S B P L TR

- ol L1} EAIL
TCARIISAV] = SRt

Rrags and Ledlace (KI5
Eam ot al (1994); Bruee

and Lealese (XK1
FarsoTejadn er al. {60, 1)

Faiisleca and Mearlyok {1035 ]
Traughery et 21, (20000
Thaboudane et al, (200
ILabvadane el &, (20043

e al (192

Chyn (15967
Rndriguez-Perer el ol {200
Rraise 2 al. (1972

Rendenos er ol | 14840

Jurdar (1950)

Futnles o1 al, [2U0TY
Cinmee and Surfzs (19
Rrenjeas and Breaes (1005)

Healsniane el al, 20020

Halwalane e al, (206025

Source: Javier et al.

(2012)



-ITI N i
mank you



